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57] ABSTRACT

A radar seeker employing a 4-element antenna and ampli-
tude or phase comparison target location. The azimuth (C
and D) and elevation (A and B) elements share two channels
alternately by means of cycling switches (S1, S2). Sum (31)
and difference (29) signals are derived from the two chan-
nels and then the difference channel is re-distributed (S4) to
dedicated azimuth and elevation channels. The shared chan-
nels (G, H) are interchanged cyclically (S3) so that mis-
matches between them are cancelled out.

7 Claims, 2 Drawing Sheets
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1
RADAR SEEKER

BACKGROUND OF THE INVENTION

This mvention relates to a radar seeker of the kind
employing an array of antenna elements disposed about the
boresight in such manner that difference signals between the
clements can be obtained 1n two coordinate planes, usually
the elevation and azimuth planes. Such a difference signal,
together with a sum signal derived from all of the elements,
provides a measure of the target angle off-boresight in
known manner. The difference signal may be the difference
between the individual amplitudes, in an amplitude com-
parison system using antenna elements toe’d out from the
boresight, or may be the instantaneous difference, 1n a phase
comparison system using antenna elements directed parallel
to the boresight.

FIG. 1 shows a typical prior art antenna array with
clements A, B, C and D arranged 1n a diamond formation,
1.e. a square with horizontal and vertical diagonals. An
clevation difference 1s then provided by a difference signal
A—B and an azimuth difference by a difference signal C-D.
In an alternative arrangement the square may be upright and
the element signals added and subtracted 1n pairs.

™

FIG. 2 shows the basic components of a prior art ampli-
tude comparison system, 1.. four elements A, B, C and D,
a receiver 1n each element channel comprising a {frequency
mixer to ‘down-convert’ the radar frequency to an interme-
diate frequency and an envelope detector. The A and B
receiver channels are applied to a differencing circuit 11 and
the C and D receiver channels similarly to a differencing
circuit 13. Thus elevation and azimuth difference signals are
produced. A summing circuit 15 derives the sum of all of the
signals, this sum being used as a reference for the difference
signals 1n a processor 17 which calculates the target azimuth
and elevation angles and provides tracking and muissile
steering signals accordingly.

FIG. 3 shows a similar prior art arrangement but of a
phase comparison system. Intermediate frequency signals
are derived by ‘down-converters” 19 but the phase 1s left
intact for application to phase-sensitive detectors 21 and 23
which produce a signal proportional to the cosine of the
phase difference. A sum signal 1s provided by a summing,
circuit 25 as before, now followed by an envelope detector
27. The sum and difference signals are then processed by
processor 17 as before.

A difficulty arises 1n the above arrangements in that
considerable processing of the idividual antenna signals
occurs 1n separate channels which may not be perfectly
matched 1n gain or phase or both. Angle determination errors
consequently arise.

SUMMARY OF THE INVENTION

An object of the present invention 1s to avoid such
mismatch errors as far as possible.

According to the present invention, 1n a radar seeker
comprising an antenna array, sum and difference channels
and processing means responsive to sum and difference
signals to provide an indication of target angle off the
antenna boresight, a single pair of channels are time-shared
by two combinations of antenna elements, each combination
providing sum and difference signals in respect of a corre-
sponding coordinate plane, the seeker further comprising
means for interchanging the antenna output signals cycli-
cally between the two channels so that the difference signal
changes sign cyclically, means for mnverting the difference
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2

signal 1n synchronism with the imterchanging of antenna
output signals, and means for combining successive mnverted
and non-inverted difference signals, the arrangement being
such as to balance out mismatch between the two channels.
There are preferably time-sharing switch means connected
between the antenna array and the inputs of the two channels
and second time-sharing switch means arranged to share the
difference signals between two difference channels dedi-
cated to the respective coordinate planes.

The antenna array may be arranged for amplitude com-
parison of element signals, the two channels each compris-
ing a frequency down-converter and signal detection means,
and the detected signals being applied to amplitude differ-
encing means to provide a time-shared difference channel.

Alternatively, the antenna array may be arranged for
phase comparison of element signals, the two channels each
comprising a frequency down-converter and a phase-
sensitive detector and the output of which providing a
time-shared difference channel.

BRIEF DESCRIPTION OF THE DRAWINGS

A radar seeker 1n accordance with the invention will now
be described, by way of example, with reference to the
accompanying drawings, of which:

FIG. 1 1s a diagram of an antenna array according to the
prior art;

FIGS. 2 and 3 are diagrammatic circuits of the basic
components of known amplitude and phase comparison
seckers respectively according to the prior art; and

FIG. 4 1s a diagram of an amplitude comparison seeker
modified in accordance with the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIGS. 1, 2 and 3 have been described above.

FIG. 4 shows the four antenna elements A, B, C and D
coupled in un-related pairs as 1t were. Thus elements A and
C are connected to a changeover switch S1 whose output 1s
fed to, what 1s 1n effect, a double-pole-double-throw switch
S3. The second 1nput switch S3 1s similarly derived from a
changeover switch S2 and the two antenna elements B and
D. It will be appreciated that the various switches shown as
mechanical devices for simplicity are in fact solid state
devices.

The switches S1 and S2 are cycled, as will be explained,
SO as to time-share their output, and the following receiver
channel, between their two inputs. Switch S3 1s similarly
cycled, thus interchanging the receiver channels G and H
periodically. These include down-converters and detectors
as 1n FIG. 1. The two channel signals are then subtracted 1n
a differencing circuit 29 and summed 1n a summing circuit

31.

The shared difference channel 1s connected to a further
time-sharing switch S4 which 1s operated cyclically in
synchronism with the switches S1 and S2, so sharing the
difference signal between two dedicated difference channels

which, as will be seen, are the elevation and azimuth
difference channels.

The switch S3 1s linked to two mverters Il and I2 1n the
clevation and azimuth difference channels respectively,
which are controlled, in synchronism with the switch S3 to
invert and not 1nvert the respective difference signal alter-
nately.
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The seeker has an application 1n an anfti-radar system, 1.c.
in which the target, which may itself be a missile system, 1s
defended or controlled by a radar system which in general
will transmit radar pulses to the attacking missile.

There are several possible operating modes. In the first, all
switching is performed between successive (received) radar
pulses. If, on receipt of a first pulse, the switches S1, S2 and
S4 are as shown and the switch S3 1s in the ‘straight-through’
condition a difference signal A—B for the elevation plane 1s
obtained at the output of the differencing circuit 29 indicat-
ing a target elevation angle of, say, 0. If there 1s a mismatch
between the receiver channels feeding the differencing cir-
cuit there will be an angle error of, say ¢, giving an actual
indication at the difference output of 0+¢. If, on the follow-
ing received pulse the switches S1 and S2 are unchanged,
but the switch S3 1s reversed, the error 1n the receiver
channels will remain as +¢ but the antenna element signals
will be reversed, 1.e. B-A. The difference output will then be
—0+¢. The mverter I1 1s, however, operated 1n synchronism
with the switch S3 and, with the switch S4 as shown for both
pulses the elevation difference signal will be 0+¢ for the first
pulse and +0-¢ for the second. An mtegrator 33 provides an
average of the two values and hence eleminates the error ¢.

The switches S1, S2 and S4 then operate and for the next
two pulses the azimuth plane signals C and D are processed
orving P+¢ and P-¢ at the output of inverter I12. The
integrator 35 averages the two values and again eliminates
the error. This process then repeats, the switch S3 and
inverters I1 and 12 changing over after every pulse and the
switches S1, S2 and S4 after every other pulse.

In an alternative mode switches S1, S2 and S4 change
during each pulse so that each pulse provides angle mnfor-
mation 1n both planes. The switch S3 may then change after
every pulse so requiring two pulses to provide error com-
pensation.

Again, switches S1, S2 and S4 may be switched after
every pulse and switch S3 during each pulse. Error com-
pensation 1s thus provided over one pulse but two plane
measurements require two pulses.

In a fourth alternative both plane switching and compen-
sation switching are performed once during each pulse.

The switch operation timing 1s controlled by timing
circuitry 37 which 1s supplied with pulse arrival information
from a processor 41 which assesses potential target pulses
and determines the timing of the confirmed pulses.

The phase comparison arrangement 1s basically similar,
differing only (as between FIGS. 2 and 3) in the use of a
phase sensitive detector instead of a differencing circuit.
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We claim:
1. A radar seeker comprising an antenna array having a

boresight and a plurality of antenna elements spaced about
said boresight, a pair of channels connected to two combi-
nations of said antenna elements selectively, each of said
channels including a respective receiver which comprises
frequency shifting means and a detector for providing an
envelope signal, each combination providing respective
envelope signals for summing and differencing 1n a respec-
tive coordinate target plane, sum and difference means
connected to said pair of channels providing the sum and
difference of the channel envelope signals, switching means
for interchanging the inputs to said channels cyclically so
that the difference signal changes sign cyclically, means for
inverting the difference signal in synchronism with the
operation of said switching means, to provide nverted and
non-inverted difference signals alternately, and means for
combining said inverted and non-inverted difference signals
to balance out mismatch between said two channels.

2. A radar seeker according to claim 1 comprising first
time-sharing switch means for connecting said two combi-
nations of antenna elements to the inputs of said two
channels and second time-sharing switch means arranged to
share said difference signals between two difference chan-
nels dedicated to the respective coordinate target planes.

3. A radar seecker according to claim 2, wheremn said
means for inverting the difference signal 1s 1in respect of each
of said two difference channels.

4. A radar seeker according to claim 2, wherein said
means for inverting the difference signal 1s a single means
connected to the output of said difference means.

5. A radar seeker according to claim 1, wherein said
antenna array comprises four elements in a diamond array,
cach of said combinations comprising a diametrically
opposed pair of elements.

6. A radar seeker according to claim 1, wheremn said
antenna array 1s arranged for amplitude comparison of
clement signals and said two channels each comprise a
frequency down-converter and signal detection means, the
detected signals being applied to amplitude differencing
means to provide a time-shared difference channel.

7. A radar seeker according to claim 1, wherein said
antenna array 1s arranged for phase comparison of element
signals and said two channels each comprise a frequency
down-converter and a phase-sensitive detector, the output of
said phase-sensitive detector providing a time-shared ditfer-
ence channel.
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